THE respiratory changes of blood-pressure in man, known clinically as "pulsus paradoxus," consist in a decrease of the amplitude of the pulse during inspiration and in an increase during expiration. According to Wenckebach, there are three forms of pulsus paradoxus which, by means of a detailed analysis of the tracings, can be recognized and diagnosed by determining the exact relationship between the respiratory phase and the occurrence of the pulse waves of different heights. These three kinds are: (1) The extrathoracic form of pulsus paradoxus. In thesecomparatively rare-cases the pulsus paradoxus is caused by an abnormal course of the subelavian artery which, during inspiration, is compressed between the first rib and the clavicle. Naturally, this kind of pulsus paradoxus is without any clinical significance. It is only necessary to know about it in order to distinguish it from the two other kinds. (2) The mechanical form of pulsus paradoxus. In these cases the pulsus paradoxus is caused by adhesions between the heart and its surroundings; this form is pathognomonic for the adhesive mediastino-pericarditis.
I tried this in quite a number of cases, but soon became convinced that the plan was not feasible, as I could not confirm the statement, quoted above, that weakness or atonia of the heart-muscle, or considerable dilatation of the heart, leads to the appearance of a pulsus paradoxus.
Therefore I proceeded to carry out experiments on dogs, to see whether an increase of the normal respiratory changes of blood-pressure ensues if a weakness of the heart-muscle is produced experimentally. I found that no increase of the respiratory changes of blood-pressure could be caused by lowering the contractile power of the heart-muscle by means of intravenous injections of quinine or chloride of potassium, even if a considerable fall in blood-pressure took place. In these experiments the pulse was registered directly by means of an optical manometer.
As, in taking pulse tracings in man, we use indirect methods of registration, I then made comparative studies of the results of direct and indirect pulse registration. In dogs anesthetized by somnifen, the pulse of one carotid artery was registered 'tl: I.. directly by inserting into the artery a cannula which was connected with an optical manometer. The pulse of the other carotid artery was registered indirectly without opening the vessel and this under various compressions the pressure of which was known and could be varied at will. This was effected by means of a special capsule ( fig. 1 ), by which the changes of volume of 5 cm. of the carotid artery were transferred to a thin finger-stall, which could be inflated and compressed the artery with various and known pressures; the changes of pressure which took place in the finger-stall during each pulse were registered optically by means of a differential capsule on the same film as were the pressure of the other carotid and the respiratory tracing.
FIG
These investigations yielded the result that, with regard to the respiratory changes of pulse amplitude, there is no parallel between the result of direct and indirect registration and that, by indirect registration, the degree of the respiratory changes of pulse amplitude depends on the relation between compressing pressure and systolic pressure; the respiratory chan'ges thus inscribed attain their maxima if the 57 Section of Medicine 1369 compressing pressure is about 10 mm. Hg below systolic pressure. (A second maximum lies in the neighbourhood of diastolic pressure.)
A clear illustration of this is to be seen in fig. 2 , which shows that, in consequence of the injection of 0 5 c.c. of 20% solution of quinine, the respiratory changes of pulse amplitude, if registered directly, are decreased from 40 to 32 mm., whereas by indirect registration they increase by more than 100%, from 15 to 36 mm. Analogous results are shown in fig. 3 , where a great rise in the respiratory changes of pulse amplitude-a " pulsus paradoxus "-was obtained by adjusting the compressing pressure at a level just below systolic pressure. Similar results were also seen in the experiments carried out with potassium chloride.
An additional proof is the effect of bleeding on the tracing. The withdrawal of a small amount of blood, e.g. 80 c.c. in a dog of 12 kg., leads to a temporarv appearance of a pulsus paradoxus. This can only be explained by the well-known fact that withdrawal of small amounts of blood leads to a transitory fall of bloodpressure, while it does not affect the heart itself; if the blood-pressure falls to a level~~~~~~~~~~~~~~~~~~~~~~~.
. . . ! @ : g e ; . ' . . . . . . just above the compressing pressure, the respiratory changes of blood-pressure, thus inscribed, are markedly increased, while the tracing of direct registration does not show any change.
Clinical observations are in accordance with the results of the experiments described. I took optical tracings of the pulse of the brachial artery under various and known compressing pressures in combination with tracings of the respiration. This was done in thirty-six cases of heart disease, and in twenty-six cases without any cardiovascular disturbance, or with only secondary and unimportant involvement of the circulation. I also registered the compressing pressure on the same film by means of an optical glass-plate manometer (Broemser), thus making sure that the compressing pressure remained constant during each phase of registration, and being able thereby to measure the pressure, not only during the registration, but also afterwards, as the manometer was standardized.
The result of these investigations was that in patients suffering from marked cardiac failure, weakness of the heart-muscle, and considerable dilatation of the (unchanged), by indirect registration no pulse tracing, as the blood-pressure had become lower than the compressing pressure. (c) 1 to 2 minutes afterwards. Respiratory changes of pulse amplitude by direct registration remained unchanged (11 mm.), indirect registration shows marked " pulsus paradoxus " (25 mm.) in consequence of the fact that the compressing pressure had been adjusted at a level just below systolic pressure.
Section -of Medicine heart, a pulsus paradoxus showing congestion of the the arm was compressed was usually absent (figs. 4 and 5). Especially in cases lungs a pulsus paradoxus could not even be discovered if with a pressure just below systolic pressure, whereas normal cases usually showed this phenomenon quite clearly. This may be easily understood if one recalls Tigerstedt's investigations on animals, by which he showed that the respiratory changes of blood-pressure disappear if the arterial resistance is JULY-MED. 2 * 59 1371 _.7-T__ Proceedings of the Royal Society of Medicine increased to a marked extent. In either condition a superabundant quantity of blood is offered to the left auricle, and in spite of respiratory variations of filling, the left ventricle always discharges the maximal amount of blood which it can expel.
The pulsus paradoxus over a range of compressing pressures wider than normal was very marked in cases of emphysema of the lungs (fig. 6 ). Even when no material dyspniea was present the respiratory changes of the pulse amplitude were considerable (fig. 7) . The same was observed in cases of unilateral pneumothorax ( fig. 8 ). Taking into consideration the results of recent research work in connection with the physiology of respiration, this result may be explained by the fact that in ig. cases of emphysema of the lungs and of pneumothorax the intra-alveolar respiratory changes of pressure are increased, in consequence of the increased resistance in the bronchial and bronchiolar tubes, and that these increased respiratory changes of intra-alveolar pressure act on the pulmonary blood-vessels, whose resistance is also increased. This conception helps also to an understanding of the fact that heart cases suffering from congestion of the lungs do not show the pulsus paradoxus.
The practical conclusion to be drawn from these observations is that the occurrence of a dynamic pulsus paradoxus may be indicative of increased resistance in the bronchial and bronchiolar tubes. Especially in cases of incipient emphysema of the lungs the finding of a pulsus paradoxus may be a diagnostic help. I should like to emphasize, however, that in my opinion, which, in this point, is contrar'y to that of others-a pulsus paradoxus cannot be considered a sign of imminent or incipient weakness or atonia of the heart-muscle. With regard to the respiratory changes of the pulse, which may be registered graphically if the brachial artery is compressed by a pressure just below the systolic blood-pressure, physiological and physical considerations make it clear that under those conditions of registration the respiratory changes in tire height of the pulse waves are exclusively due to the changes of the coefficient of elasticity of the arterial wall; therefore those changes are without any clinical importance. I think, moreover, that for practical purposes a closer definition of dynanmic pulsus paradoxus is advisable or even necessary. We should diagnose a dynamic pulsus paradoxus only if the pulse tracing exhibits the characteristic form of respiratory changes when taken by an adequate registering system under known compressing pressures, and if, under these circumstances, the respiratory changes occur over a range of compressing pressures which exceeds the range in normal people. This normal range extends from the systolic pressure to from 10 to 15 mm. Hg below it.
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